Supporting information, sup-1 S1. Crystal growth Hen egg white lysozyme and Tritirachium album proteinase K, purchased from Sigma-Aldrich and Carl Roth, respectively, were grown directly on Roadrunner II chips by vapour-diffusion using the on-chip crystallization method (Lieske et al., 2019) . A solution of 40-60mg/ml lysozyme dissolved in 50mM sodium acetate pH 3.5 was mixed in a 1:1 ratio with precipitant solution (50mM sodium acetate 3.5, 0.75M sodium chloride, 30% ethylene glycol, 11.25% polyethylene glycol 400). For each chip, a volume of 100µl of this mixture was applied and equilibrated against a reservoir of 7ml precipitant solution. Lysozyme crystals appeared at 4°C overnight.
In order to exploit the high repetition rate (~1 kHz) achievable by the Roadrunner II diffractometer and the JUNGFRAU 1M detector, it was necessary to select X-ray pulses at the same repetition rate and to vary their duration to vary the X-ray dose to the crystals. This was achieved by the use of two choppers and a fast shutter.
The first chopper (heat load chopper, developed at the ESRF) was located upstream of the ID09 beamline and selected ~80 µs duration X-ray pulses at 1 kHz. The second chopper (high speed chopper, Forschungszentrum Jülich) was operated in the so-called "tunnel-less" mode (Cammarata et al., 2009 ) and used to select X-ray pulses with variable duration in the 1-25 µs range. The chopper slit width gradually increases with its horizontal position, so a horizontal translation of the whole device allows adjusting the exposure time. Finally, a fast shutter was used to transmit X-rays in synchrony with the horizontal scan of the chip, so that X-rays were blanked to avoid exposing regions on the chip outside the desired scan region. The synchronization signals for the two choppers, the fast shutter and the Roadrunner II motion, together with the gate pulse for the JUNGFRAU 1M detector were produced by a N354 FPGA board developed at the ESRF, which is capable of producing bursts of pulses at the 360 th sub-harmonic of the synchrotron orbit frequency (~355 kHz).
S5. Roadrunner goniometer
A technical drawing of the Roadrunner II goniometer is shown in Figure 3a . It consists of four main units: An inline sample viewing microscope based on a Schwarzsschild microscope objective with a drill hole for the Xrays to pass through, similar to the device described in (Göries et al., 2016) . The goniometer unit consists of a high-speed linear axis for fast sample translation with speeds of up to 120 mm/s which is mounted on a y,z centering stage, which allows the sample to be positioned in center of the rotation axis. This whole scanning unit is placed on a φ-rotation stage, which can be used to rotate the chips with respect to the incident beam direction and thereby avoiding effects due to preferred orientation of the crystals on the chip.
S6. Humidity setup
The measurement chamber of the Roadunner goniometer (shown in Figure 3c and 3d) was constantly flushed with 10 l/min of humidified helium gas with a relative humidity > 95% in order to prevent the crystals from drying out. Humidification of the helium gas was achieved by guiding it through four water filled glass bottles using bubbling stones to increase the efficiency of the humidification process. A fraction of 10% of the helium gas stream was guided to a mirror hygrometer ('OptiDew') to permanently monitor the humidity.
S7. JUNGFRAU detector
Diffraction patterns were recorded with a JUNGFRAU 1M detector which consists of two 1024x512 pixel modules with a pixel pitch of 75um and a effective area per module of 77.25x38.5mm2. The detector provides single photon sensitivity in combination with a dynamic range of about 8000 photons at the 15keV energy used in our experiment. The high dynamic range is possible thanks to the automatic gain capability of each individual pixel: each pixel adjusts (lowers) its gain to cope to the incoming instantaneous signal (Mozzanica et al., 2016) .
The maximum frame rate of the system, 1.136kHz with the current firmware, suits well the chopper repetition rate of 1kHz, allowing a full duty cycle acquisition. The integration time of the detector was set to 10us, with the integration window centered around the chopper opening time.
Dark pedestal images were collected, for all the detector gains, at the beginning of all measurement run, adding few tens of seconds to each runtime.
S8. Data processing
Using the pedestal images and per-pixel gain factors, determined in a laboratory-based dedicated calibration procedure (Redford et al., 2018) , the raw data were converted into photon counts and saved to multi-event HDF5
files. The initial estimate of the detector distance as well as the relative positions of two detector modules were determined from alanin powder diffraction images collected at two different detector distances.
S9. Hit-finding, indexing and integration
Diffraction images were processed with CrystFEL version 0.6.3 (White et al., 2016) , which was adapted to be able to handle non-monochromatic diffraction data. Hit finding was performed within CrystFEL using peakfind-er8 for peak detection and an option to skip over patterns with the number of peaks lower than a certain threshold. The images with more than 20 peaks were classified as hits. The CrystFEL program indexamajig, for indexing and integration of still diffraction images, was modified to accept the X-ray energy spectrum as an input parameter, predict Bragg reflections originating from a broader X-ray energy range and scale integrated Bragg intensities according to the intensity in the spectrum. Suppl. Fig. 2 shows a clear improvement of the Bragg spot prediction using the modified indexamajig version compared to the version without modifications. Suppl. Fig. 3 further reveals a significant better CC* of the datasets mainly arising from the improved spot prediction, especially at high resolution. A further slight improvement arises from scaling of the Bragg intensities according to the X-ray spectrum. The MOSFLM, asdf and DirAx indexing algorithms in indexamajig were used together with the retry option, which successively rejects the weakest reflections and attempts indexing until the correct indexing solution is found. The indexing results were then used to further refine detector geometry with geoptimiser (Yefanov et al., 2015) .
All diffraction patterns from multiple crystals (those with less than 80% predicted peaks) and patterns from crystals with high mosaicity (elongated peaks) were discarded before merging. (In total 95% of lysozyme hits and 75% of proteinaze K hits were indexed, 20% and 34% of them were discarded.) The Bragg reflection intensities from single crystal diffraction patterns were then merged with partialator with one round of post-refinement and without partiality correction. MTZ-files for crystallographic data processing were generated from CrystFEL hklfiles using create-mtz. Figures of merit were calculated using compare_hkl (R split , CC*) and check_hkl (SNR, multiplicity, completeness), both from CrystFEL. The unit cell volume spatial distributions on the chip for all chips were plotted using a custom-written Python script.
S10. Structure refinements
In the case of hen-egg white lysozyme (HEWL), data were refined initially against the room-temperature model (PDB accession number: 6FTR) derived from the first successful data-collection at the European XFEL (Wiedorn et al., 2018) . The model was slightly modified to account for the minor differences in unit cell sizes (6FTR: a=b=79.3, c=37.73; here: a=b=79.86, c=38.04) between XFEL-data and data presented here. Initial refinement was carried out using phenix.refine (Moriarty et al., 2012) and the same R free -flags that were used during refinement of 6FTR. In the case of all merged patterns collected with an exposure time of 5 µs this was followed by iterative cycles of restrained maximum-likelihood refinement using phenix.refine and manual model re-building using COOT (Emsley et al., 2010) . The resulting model was then used for refinement of the datasets composed of a) 15000 patterns at 5 µs, b) 15000 patterns at 1 µs, c) one full chip at 5 µs. All other datasets (200, 300, 400, 500, 750, 1000, 1500, 2000, 3000, 4000, 5000, 6000, 7000, 8000 and 9000 patterns, all randomly selected subsets of the complete dataset collected at 5 µs exposure time) were just subjected to initial refinement under exactly the same conditions (same model, same refinement-parameters, same R free -flags), but without manual model-rebuilding to ensure a bias-free assessment of the influence of the number of used patterns. For Proteinase K, the 5KXV structure of Proteinase K (Masuda et al., 2017) was used as a starting model for molecular replacement in Phaser (McCoy et al., 2007) . R free -flags were generated randomly using phenix.refine (Moriarty et al., 2012) and the same set of R free -flags were then used throughout the refinement process. Initial refinement was carried out using phenix.refine, with all isotropic atomic displacement parameters (ADP) set to 20 and using simulated annealing. This was followed by iterative cycles of restrained maximum-likelihood refinement using phenix.refine and manual model re-building using COOT (Emsley et al., 2010) . Polygon (Urzhumtseva et al., 2009) and MolProbity (Chen et al., 2010) were used for the validation of the final models. Found and predicted Bragg spot positions are shown as green circles and red squares respectively.
Figure S3
Comparison of CC* as function of resolution for the dataset consisting of 8813 indexed diffraction patterns collected from the chip lys09, processed with CrystFEL without modifications (blue), with modifications to take into account 2.5% bandwidth (yellow) and scaling the Bragg intensities according to the intensities in the spectrum (green).
Figure S4
a Ewald sphere construction in case of monochromatic X-rays. Reflection will appear on the detector when a reciprocal lattice point hkl intersects a sphere, passing through the origin of reciprocal space with a radius of 1/λ lying along the incident beam direction, called Ewald sphere. b In case of the polychromatic X-rays with a wavelengths spread between λ min and λ max , the Ewald sphere becomes a shell (shown in gray) between two limiting spheres with radii of 1/λ min and 1/λ max . c In this case all the reflections lying fully within the shell (shown as filled blue circles) will be fully integrated. The reflections intersecting the edge of the shell and the reflections at lower resolution, where the distance between the limiting spheres is smaller than the reflection diameter (shown as red circles), will be only partially integrated. As the distance between the limiting spheres becomes larger at higher resolution the fraction of fully integrated reflections as well as the total number of diffracted reflections also increase. 
Figure S5

Figure S8
Unit cell volume distribution of lysozyme crystals measured in a EuXFEL serial crystallography experiment using jets (Wiedorn et al., 2018) and in b experiment at beamline ID09 using fixed-target Roadrunner goniometer.
